Abstract. New BVR light curves and times of minimum light for the short period RS CVn system SV Cam were analysed to derive the physical parameters of the system and the parameters of the third body orbit. The light curves obtained at the TÜBİTAK National Observatory during two nights in 2000 show considerable asymmetry and night-to-night variations. The analysis of the light curves is made using Djurasevic's inverse problem method. The Roche model with spotted areas on the hotter primary component yields a good fit to observations. The extensive series of published photoelectric minima times indicate that the eclipsing pair orbits around the common mass center of the triple system with a period of 41.32 yr.
Introduction
The short-period (P 0.
d 59) RS CVn type totally eclipsing binary system SV Cam (V max = 9. m 34, HD 44982, BD+82
• 174, HIC 32015) has been extensively observed since its discovery by Guthnick (1929) . Light variations and asymmetry in the overall shape of the light curves, as much as 0.1 mag in time scales as short as one month, had been noticed by all observers (e.g. van Woerden 1957; Hilditch et al. 1979; Patkos 1982a,b; Cellino et al. 1985; Milano et al. 1986 ). Hilditch et al. reported that the cool secondary component is the source of distortion in the light curves. On the contrary, Cellino et al. claimed that the active spotted component should be the hotter primary. This hypothesis was supported by the brightening they observed at phase 0.5, at the same time as the increased reddening at the primary eclipse due to the passage of the spotted area through phase 0.0. On the other hand, Özeren et al. (2001) found an excess emission in both H α and H β lines connected with the secondary, cooler component of the system.
The light curve solutions indicate that the primary component is very close to its Roche limit and provides at least 90% of the total light of the system. It is therefore not
Send offprint requests to: B. Albayrak, e-mail: albayrak@astro1.science.ankara.edu.tr Table 1 is only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/376/158 possible for the fainter cool secondary (which contributes less than 10% to the system light) to be the source of large distortion in the light curves.
The spectral type of the component stars were estimated to be G2-3 V and K4 V by Hilditch et al. (1979) , giving a mass ratio of about 0.71. The later G8 V classification of the primary component by Popper (1996) is based on the Na D lines. From a radial velocity study, Pojmański (1998) estimated a new mass ratio of q = m c /m h = 0.56 and found an earlier spectral type for the primary. The indices (h, c) refer to the hotter (more-massive) primary and cooler (less-massive) secondary component respectively. From the stellar masses, he derived spectral types F5 V and KO V for the components of SV Cam system. The light-time effect possibility of orbital motion about a third body was first suggested by Friebos-Conde & Herczeg (1973) to explain the period variation of SV Cam. The existence of the third body in the system was later confirmed by Hilditch et al. (1979) , Cellino et al. (1985) , Sarma et al. (1985) , and Albayrak et al. (1999) with extended data. However, the parameters of the third body orbit were found to be very different in each study. This paper presents three new light curves in B, V, and R, obtained in 2000. These were analysed with a fixed revised mass ratio of q = m c /m h = 0.56. We used two different hypotheses concerning the temperature of the hotter primary component: T h = 6440 K (Hyp. I.) and T h = 6200 K (Hip. II.) corresponding to F5 V and F8 V stars, and assumed cool spots on the hotter component.
The period variation of the system was also studied again by using the newly extended data in the hope of finding more reliable parameters of the third body orbit.
New observations
New observations of SV Cam in BVR were obtained at the TÜBİTAK National Observatory (Turkey) on the nights of 22 January and 2 February 2000, by using a SSP-5A photometer attached to a 0.4 m Cassegrain telescope. The same comparison star BD+82
• 0176 was chosen as Milano et al. (1986) . A total of 242 observations were secured in each filter. The nightly extinction coefficients for each colour were determined by using the observations of the comparison star. The instrumental differential B, V, and R magnitudes in the sense variable minus comparison corrected for the atmospheric extinction, are given in Table 1 (accessible in electronic form). The differential B, V, and R light and B − V and V − R colour curves are shown on the upper right-hand of Fig. 2 . The photometric phases of the light and colour curves are calculated with the following ephemeris given by Pojmański (1998) :
Third body orbit
During the observations three primary and two secondary minima were obtained. Their timings were calculated by using the well-known method of Kwee & van Woerden (1956) . The photoelectric minima published before mid-1997 were collected by Albayrak et al. (1999) . We added minima obtained later by Agerer & Hübscher (1998) , Pribulla et al. (1999 Pribulla et al. ( , 2001 and by the present study. Altogether 152 primary and 18 secondary photoelectric minima are given in Table 2 . Since the secondary minima are very shallow, the precise determination of the time of each minimum is strongly affected by the lightcurve asymmetry. Thus, four secondary minima times were omitted as their scatter suggests they are not as well determined as the rest of the values. They are marked in italics in Table 2 . The linear light elements given by Eq. (1) were used in estimating C values. The (O-C) diagrame in Fig. 1 can be represented by a continuous oscillatory variation covering one minimum and almost two maxima by the present observational data. This oscillation is produced by the light time effect due to a third body in the system.
To derive the light-time orbit and the parameters of the invisible component, the analysis was performed by using Mayer's (1990) equations. We used the scientific graphic, curve fitting and statistic program PRISIM (Cass 2000) to obtain the parameters, listed in Table 3 with their standard deviations. Table 3 also compares the results of this analysis with those of different authors for SV Cam. The mass of the third body may be evaluated from the mass function as the (O-C) analysis allows us to obtain f(M 3 ). But, it depends on the inclination of the longperiod orbit. The inclination i of the third body orbit was assumed to be equal to the inclination of the eclipsing binary orbit found as 89.
• 6 in this study (see Table 4 ). Since masses of the components of the eclipsing pair were derived by us are 1.42 and 0.80 M (see Table 4 
Light curve analysis
To analyse the asymmetric light curves formed by the new observations, we used Djurašević's (1992a) programme, which is based on the Roche model and the principles from the paper by Wilson & Devinney (1971) . The lightcurve analysis was made by applying the inverse-problem method (Djurašević 1992b ) based on Marquardt's (1963) algorithm.
The stellar size in the model is described by the filling factors for the critical Roche lobes F 1,2 of the primary and secondary components, respectively, which tell us to what degree the stars in the system fill their corresponding critical lobes. For synchronous rotation of the components these factors are expressed as the ratio of the stellar polar radii, R 1,2 , and the corresponding polar radii of the critical Roche lobes, i.e., F 1,2 = R 1,2 /R Roche 1,2 . To achieve more reliable estimates of the model parameters in the light-curve analysis programme, we applied a quite dense coordinate grid, having 72 × 144 = 10 368 individual elementary cells per star. The intensity and angular distribution of the radiation of individual cells are determined by the stellar effective temperature, limb-darkening, gravitydarkening and by the reflection effect are in the system.
The asymmetries in the light curves are assumed to be formed by cool spots on the hotter more massive component. In the code the spotted regions are approximated by circular spots, characterised by the temperature contrast of the spot with respect to the surrounding photosphere Kızılırmak & Pohl (1971 ), 8 -Kızılırmak & Pohl (1974 ), 9 -Patkos (1982a ), 10 -Pohl & Kızılırmak (1975 ), 11 -Pohl & Kızılırmak (1976 ), 12 -Mallama et al. (1977 ), 13 -Pohl & Kızılırmak (1977 ), 14 -Mallama (1979 ), 15 -Pohl & Gülmen (1981 ), 16 -Milano et al. (1986 ), 17 -Pohl et al. (1982 ), 18 -Braune & Mundry (1982 ), 19 -Cellino et al. (1985 ), 20 -Pohl et al. (1987 ), 21 -Kundera (2001 ), 22 -Heckert (1996 ), 23 -Albayrak et al. (1996 ), 24 -Agerer & Hübscher (1998 ), 25 -Pribulla et al. (1999 ), 26 -Pribulla et al. (2001 , 27 -this study. (A S = T S /T * ), by the angular dimension (radius) of the spot (θ S ) and by the longitude (λ S ) and latitude (ϕ S ) of the spot centre. The longitude (λ S ) is measured clockwise (as viewed from the direction of the +Z-axis) from the +X-axis (line connecting the stars' centres) in the range
• . The latitude (ϕ S ) is measured from 0 • at the stellar equator (orbital plane) to +90
• towards the "north" (+Z) and −90
• towards the "south" (−Z) pole.
For a successful application of this model in the analysis of the observed light curves, the method of Djurašević (1992b) was used. Optimum model parameters are obtained through the minimization of S = Σ(O−C) 2 , where O−C is the residual between the observed (LCO) and synthetic (LCC) light curves for a given orbital phase. The minimization of S is performed in an iterative cycle of corrections of the model parameters. In this way the inverse-problem method gives us the estimates of system parameters and their standard errors.
We considered that Patkos's (1982a) symmetrical reference light curve is very probably clean with respect to spot effects. The maximum light level of this reference light curve coincides with the light level of the secondary maximum in our light curves. Thus we decided to normalise our light curves with respect to the secondary maximum.
The mass-ratio of the components was fixed to a revised value of q = m c /m h = 0.56 estimated by Pojmański (1998) from the radial velocity solution. From his radial velocity study, for the mass of the primary we have M h [M ] ∼ 1.42. The appropriate spectral type for this mass is F5 V, with an effective temperature T h = 6440 K (Lang 1992 ). This simple calibration may not work for spotted systems (in which large cool spots probably affect the spectral type determination). The light-curve analysis is made also under the assumption that primary's spectral type is close to F8 V, as suggested by Pojmański (1998). Thus we used two different values for the temperature of the hotter primary component: T h = 6440 K (Hyp. I.) and T h = 6200 K (Hip. II.) corresponding to spectral types of F5 V and F8 V, respectively.
The values of the limb-darkening coefficients were derived from the stellar effective temperature and surface gravity, according to the given spectral type, by using the polynomial proposed by Díaz-Cordovés et al. (1995) . During the process of optimisation, with the temperature changes, we have an automatic recomputation of the limb-darkening. For the R-filter the limb-darkening was taken from the tables of Al Naimy (1977) . Following Lucy (1967) , Rucinski (1969) and Rafert & Twigg (1980) , the gravity-darkening coefficients of the stars, β h,c , and their albedos, A h,c , were set at the values of 0.08 and 0.5, respectively, appropriate for stars with convective envelopes.
Previous versions of our programme chose between two treatment of the radiation law: simple black-body theory, or stellar atmosphere models by Carbon & Gingerich (1969) (CG) . The current version of the programme (e.g. Djurašević et al. 2001 ) employs the Basel Stellar Library (BaSeL). We have explored the "corrected" BaSeL model flux distributions, consistent with extant empirical calibrations (Lejeune et al. 1997 (Lejeune et al. , 1998 , and with a large range of effective temperatures 2000 K ≤ T eff ≤ 35 000 K, surface gravities, 3 ≤ log g ≤ 5 and metallicity, −1 ≤ [Fe/H] ≤ 1, where [Fe/H] is the logarithmic metal abundance. The surface gravities can be derived very accurately from the masses and radii of close binary (CB) stars by solving the inverse problem of the light-curve analysis, but the temperature determination is related to the assumed metallicity and strongly depends on the photometric calibration.
In the inverse problem the fluxes are calculated in each iteration for the current values of temperatures and log g by interpolation in both of these quantities in the atmosphere tables, as an input, for a given metallicity of the CB components. If there is a good physical reason, the metallicity of the CB components could be different. But, normally, one uses the same value for both components. The two-dimensional flux interpolation in T eff and log g is based on the application of the bicubic spline interpolation (Press et al. 1992) . This proved to be a good choice.
By selecting the particular input switch, the programme for the light-curve analysis can be simply redirected to the Planck or CG approximation, or to the more realistic BaSeL model atmospheres. The disagreements between individual B, V, and R solutions decrease if we introduce the "corrected" BaSeL model flux distributions. A change in the assumed metallicity causes a noticeable change in the predicted stellar effective temperature. In the analysis, the inclination of the orbit was estimated to be i ∼ 89.
• 6. The present light-curve analysis shows that during the deeper (primary) minimum the cooler (less-massive and smaller) component eclipses the hotter (more-massive and larger) one.
Since the stars in the system have external convective envelopes, which can exhibit magnetic activity, we started the "spotted solution" by assuming that the components of SV Cam have cool spots, of the same nature as solar magnetic spots. Moreover, since the results of the light-curve analysis depend on the choice of the adopted working hypothesis, the analysis was carried out within the framework of several hypotheses with spotted areas on the components.
We rejected those hypotheses which produced significantly different values of the parameters for the system and the active spotted areas, estimated by analysing the individual light curves in the B, V, and R passbands. Finally we chose the Roche model with dark spotted areas on the more massive (hotter) component as the optimum solution. Within this hypothesis the analysis of the light curves yields mutually consistent parameters of the system and active region in the B, V, and R passbands. In this case we obtained a very good fit to the observations.
Results and discussion
The light-time effect due to the orbit of the eclipsing pair around their center of mass with a third body has been computed with our derived parameters given in Table 3 . Table 4 . Results of the analysis of the SV Cam light curves obtained by solving the inverse problem for the Roche model with two active cool areas on the more-massive (hotter) component (Hyp. I. -T h = 6440 ; Hyp. II. -T h = 6200). 105.3 ± 2.4 103.4 ± 1.8 111.8 ± 1.9 103.8 ± 2.4 103.7 ± 1.7 112.3 ± 1.8 ϕS1 54.7 ± 1.1 50.5 ± 0.9 50.0 ± 1.1 54.5 ± 1.1 50.7 ± 0.9 49.9 ± 1.1 θS2 13.1 ± 0.4 14.1 ± 0.3 13.3 ± 0.3 12.7 ± 0.4 13.6 ± 0.3 12.8 ± 0.4 λS2 184. 1 .42 ± 0.09
1 .38 ± 0.02 Rc [R ] 0 .87 ± 0.02 log g h 4.31 ± 0.02 log gc 4.46 ± 0.02 a orb [R ] 3 .87 ± 0.07 The eclipsing pair completes a revolution on this orbit in 41.32 yr. The projectional angular separation between the third body and the eclipsing pair is 0. 19 which is within the observing limits of modern technology. We are certain that the presence of a third body in the system of SV Cam is now well established. But further observations of minima are needed for a more precise determination of the second maxima of the (O-C) variation. It is desirable to try to confirm detection by speckle interferometry which can support our position.
The parameters derived from the light curve analysis are listed in Table 4 . The errors of the parameter estimates arise from the nonlinear least squares method, on which the inverse problem method is based. The fixed parameters and the meaning of the symbols in the first column are listed in a footnote to Table 4 . The spot characteristics (spot temperature factor, A S = T S /T * ; angular radius, θ S ; longitude, λ S ; latitude, ϕ S ) are also given in Table 4 . The determination of these parameters is based on a simultaneous fitting of the available light curves in the B, V and R photometric bands.
Finally, in Table 4 we provide some important absolute parameters. They were derived from the revised mass ratio of the components (q = m c /m h = 0.56), orbital period (P = 0.
d 593071), and the semimajor axis (a orb [R ] = 3.87) found by Pojmański (1998) on the basis of the solution of the radial velocity curve. Our estimate of the accuracy in the determination of these parameters is based on the influence of formal errors arising from the nonlinear method of the light-curve analysis, and also on the differences between individual B, V and R solutions. The errors of the input parameters of the model, are treated as fixed in the inverse-problem method. They are taken from Pojmański (1998) .
Using the inverse-problem solutions for individual light curves, Fig. 2 (left) presents the optimum fit of the observed light curves (LCO) by the synthetic ones (LCC). The reference light level at phase 0.75, for the assumed unspotted configuration of the system is denoted by a dashed line. The final residuals (O-C) between the observed (LCO) and optimum synthetic (LCC) light curves are also given. A view of the Roche model of SV Cam obtained with the parameters estimated by analysing the new light curves (see Table 4 ) is provided in the lower right-hand panel of Fig. 2 . Two cool spots were also shown on the surface of the hotter more massive primary component. We give only the graphical presentation of the results obtained within (Hyp. I.) since the differences in the fitting quality and estimated geometrical parameters of the system for both hypotheses are insignificant.
It is evident from Table 4 and on the left-hand panel of Fig. 2 that the Roche model with cool spot areas on the hotter primary component gives a satisfactory fit to the analysed new light curves. Thus the complex nature of the light curve variations of SV Cam can be explained by cool spot areas on the hotter primary component. The presence of two large cool spots leads to a conspicuous asymmetry in the light curves. Since the system's period is short (P 0.
d 59), the presence of spots at high latitudes (near the polar regions) can be explained by the dynamo mechanism for rapid rotators (Schüssler & Solanski 1992) . It is possible that large spot areas at high latitudes may correspond to an enhanced activity state of the system.
